Purpose Many women with hormone receptor-positive breast cancer discontinue effective aromatase inhibitor (AI) treatment due to joint symptoms. Methods We conducted a single-arm, open-label, phase II study evaluating glucosamine-sulfate (1,500 mg/day) + chondroitin-sulfate (1,200 mg/day) for 24 weeks to treat joint pain/stiffness in postmenopausal women with early stage breast cancer who developed moderate-to-severe joint pain after initiating AIs. The primary endpoint was improvement in pain/stiffness at week 24 assessed by the Outcome
Introduction
In postmenopausal women, aromatase inhibitors are more effective than tamoxifen for reducing the recurrence of hormone-sensitive breast cancers [1] [2] [3] [4] [5] [6] . However, work by our group and others has shown that up to 50 % of women on aromatase inhibitors report joint pain and or stiffness that starts or worsens after initiating treatment and causes significant morbidity [7] [8] [9] [10] [11] . These side effects can lead to early discontinuation of aromatase inhibitors and thus prevent women from obtaining the full survival benefit of this effective treatment for hormone-sensitive breast cancers [12, 13] . There is a need for safe, effective treatments to reduce this common drug-related toxicity.
Recent estimates show that up to two thirds of individuals in the general population who suffer pain associated with arthritis and other musculoskeletal disorders have used complementary and alternative treatments in an attempt to control their symptoms, but data on the efficacy of such use are limited [14] [15] [16] . Glucosamine and chondroitin are popular dietary supplements frequently used with the goal of treating arthritic pain; in 2007, 19.9 % of US adults reported using glucosamine in the previous 30 days. Glucosamine and chondroitin are both natural compounds found in healthy cartilage. Glucosamine is an aminomonosaccharide substrate used in the synthesis of glycosaminoglycan and proteoglycans present in the cartilage matrix and synovial fluid. Chondroitin is a major component of aggrecan, a large glycoprotein present in the extracellular matrix of connective tissue. Both are hypothesized to have local anti-inflammatory effects within joints, and glucosamine may increase the synthesis of proteoglycans in articular cartilage [16] [17] [18] [19] [20] [21] [22] [23] [24] . A National Institutes of Health-funded, largescale, randomized, placebo-controlled trial of glucosamine and chondroitin sulfate for painful knee osteoarthritis (n0 1,583), the Glucosamine/chondroitin Arthritis Intervention Trial (GAIT), reported no effect at week 24 when data from all participants were examined. However, when the analyses were restricted to patients with moderate to severe pain at baseline, the rate of response was significantly higher with combined therapy than with placebo (79.2 % versus 54.3 %, p00.002) [25] .
To date, all studies that have examined glucosamine and chondroitin have examined its effect on osteoarthritic pain. We conducted a single-arm phase II study to test the effect of 24 weeks of glucosamine plus chondroitin on aromatase inhibitor-induced joint pain in postmenopausal women with a history of hormone receptor-positive breast cancer.
Methods and procedures

Participants
Women were recruited from the Columbia University Medical Center (CUMC) breast oncology clinic. Potentially eligible women were referred by their breast oncologists to be screened by study staff for the following eligibility criteria-age, 21 years or older; postmenopausal (defined as cessation of menses for >1 year, follicle-stimulating hormone>20 mIU/mL, or bilateral oophorectomy); previous diagnosis of stage I-III breast cancer with no evidence of metastatic disease; current use of a thirdgeneration aromatase inhibitor (anastrozole, letrozole, exemestane) for ≥3 months; self-reported knee and/or hand joint pain and/or stiffness for ≥3 months prior to study entry; ongoing musculoskeletal pain/stiffness in hand and/or knee joints (≥4 on a ten-point scale assessing worst joint pain/stiffness in the past 7 days) that started or increased since initiating aromatase inhibitor therapy and has been present for ≥3 months; if taking bisphosphonates, on a stable dose for ≥3 months and tolerating the dose; Eastern Cooperative Oncology Group (ECOG) performance status 0-2; hemoglobin A1c < 8 within past 12 months; ability to read and/or understand English and/or Spanish language. Ineligibility criteria were as follows: use of glucosamine or chondroitin within the past 3 months; current use of medications other than acetaminophen and ibuprofen for joint pain; concurrent medical/arthritic disease that could confound or interfere with evaluation of joint pain or efficacy (women with preexisting osteoarthritis whose joint pain worsened after initiating aromatase inhibitor therapy were eligible for participation); history of significant joint, ligament, or bone disease and/or injury in 6 months prior to study entry; and allergy to shellfish.
The CUMC institutional review board approved the study, and all participants provided written informed consent in English or Spanish. Study staff was bilingual.
Clinical data collection
Eligible participants were scheduled for a baseline visit where they completed the following procedures: questionnaire assessing demographic information, reproductive history, joint symptoms, quality of life, aromatase inhibitor use, use of pain medications, and attitudes towards and use of complementary and alternative therapies; history and physical examination, including hand grip and pinch strength; and a blood draw. Follow-up clinic visits took place at 6, 12, and 24 weeks; a phone follow-up took place at 18 weeks. The week 6 clinic visit assessed aromatase inhibitor use, use of pain medications, and hand grip and pinch strength. At the 12 and 24 week follow-up clinic visits, participants completed the following procedures: questionnaire assessing joint symptoms, quality of life, aromatase inhibitor use, and use of pain medications; hand grip and pinch strength; and a blood draw. The 18 week phone call assessed aromatase inhibitor use and use of pain medications.
Measures
Western Ontario and McMaster Universities Osteoarthritis (WOMAC) index
The WOMAC index was used to measure changes in hip and knee joint pain and stiffness [26] . The WOMAC index is a validated questionnaire that consists of 24 questions related to three subscales: pain, stiffness, and physical function. Five questions assess joint pain, two questions assess stiffness, and 17 questions assess limitation of physical function in the 7 days prior to assessment. In addition, there is a single global assessment question which asks "How well are you doing?" Each question is answered by participants using a standardized 10-cm-long visual analog scale (VAS) with terminal descriptors. Subscale scores are normalized into a 0-100-point scale.
Modified Score for the Assessment and Quantification of Chronic Rheumatoid Affections of the Hands (M-SACRAH)
The M-SACRAH was used to measure changes in hand joint pain and stiffness [27] . This scale consists of three domains assessing pain, stiffness, and functional status in patients suffering from hand osteoarthritis and rheumatoid arthritis. Subscale scores are normalized into a 0-100-point scale.
Brief Pain Inventory Short Form (BPI-SF)
The BPI-SF is a 14-item questionnaire that assesses various dimensions of general pain over the past week, including pain interference, pain severity, and worst pain [28] . We modified the questionnaire to ask specifically about joint pain and/or stiffness.
Functional Assessment of Cancer Therapy-Breast and Endocrine System (FACT-B/ES)
The FACT-B was used to measure self-reported functional well-being and physical well-being [29] . We used the Functional Assessment of Cancer Therapy-Endocrine Subscale (FACT-ES) to monitor endocrine side effects caused by aromatase inhibitors, including hot flashes, night sweats, etc. [30] . The FACT scales have five response levels ("not at all" to "very much"), where higher scores reflect higher states of wellbeing and fewer symptoms [29] .
Hand grip and pinch strength
At baseline, 6, 12 and 24 weeks, hand grip and pinch strength was measured using a Martin dynamometer, which involved squeezing a rubber ball and recording the pressure measured in kilopascals. Three different types of strength were measured: pinch grip, tripod grip, and power grip. For each measure, the best of three attempts was recorded.
Serum estradiol
At baseline, 12, and 24 weeks, blood samples were collected to measure serum total estradiol. Samples were batchanalyzed using liquid chromatography tandem mass spectroscopy in the Columbia University Clinical Translational Service Award Biomarkers Core Laboratory.
Adverse events
Adverse event severity and frequency were assessed at every clinic visit using National Cancer Institute (NCI) Common Terminology Criteria Version 3.0 [31] .
Glucosamine and chondroitin capsules
Study capsules were manufactured by Thorne Research (Sandpoint, ID) using pharmaceutical-grade raw materials under dietary supplement Good Manufacturing Process standards and US Food and Drug Administration Investigational New Drug number 79,502/S0005. Each capsule contained 250 mg glucosamine sulfate potassium chloride (shellfish source) and 200 mg chondroitin sulfate sodium (bovine source) (both obtained from TSI Health Sciences, Missoula, MT). The chondroitin sulfate sodium was certified as being obtained from a country free of bovine spongiform encephalopathy.
At each clinic visit, participants provided with a supply of glucosamine sulfate and chondroitin sulfate to last until the following clinic visit. To achieve a daily dose of 1,500 mg glucosamine and 1,200 mg chondroitin and to increase adherence rates, participants could choose to take either two capsules three times daily or three capsules two times daily.
Daily diaries and rescue pain medication
Participants were provided with a daily diary to log the number of pills taken and use of rescue pain medications. Participants were permitted to use up to 3,000 mg acetaminophen per day (using 325 mg tablets) or 2,400 mg ibuprofen per day (using 200 mg tablets). The study did not provide acetaminophen or ibuprofen to participants.
Statistical analysis
The Outcome Measures in Rheumatology Clinical Trials and Osteoarthritis Research Society International (OMER-ACT-OARSI) Criteria were used to assess response to treatment at 12 and 24 weeks, with the primary endpoint being response at 24 weeks [32] . This measure was chosen as the primary endpoint so that results could be compared with the GAIT study results. A response is classified as (1) an improvement in pain or function of at least 50 % and a decrease of at least 20 mm on the VAS for pain or function, or (2) the occurrence of at least two of the following: (a) a decrease in pain of at least 20 % and at least 10 mm on the VAS; (b) an improvement in function of at least 20 % and a decrease of at least 10 mm on the VAS; and (c) an increase in the patient's global assessment score by at least 20 % and at least 10 mm on the VAS. In this study, we used both the WOMAC and the M-SACRAH VAS subscales to evaluate pain and function. To evaluate global assessment of disease status, we used the 100 mm VAS used in the GAIT study.
Efficacy was assessed by the proportion of patients who showed a clinical response based upon the OMERACT-OARSI criteria at week 24. Our a priori hypothesis was that this treatment would be of interest for further evaluation if more than 17 responses were observed in the 46 evaluable patients (36.9 % response rate). We assumed a 15 % dropout rate and targeted 53 patients for enrollment.
Paired ttests were used to compare all continuous data from baseline to the end of follow-up. To assess the OMERACT-OARSI measure, we used the last-observation-carried-forward and last-observation-carried backward method in the analysis of all outcomes among patients who made at least one follow-up visit but who did not complete the 24-week follow-up.
Analyses were conducted using SAS 9.2 (Cary, NC).
Results
Recruitment, retention, and baseline characteristics
Between October 2008 and November 2010, 53 women were enrolled into the study. Of these 53 women, 37 (69.8 %) were retained in the study for the full 24 weeks (see Fig. 1 for CONSORT diagram). The main reasons for drop-out were burden of taking six capsules per day (n05), uncontrolled pain (n03), and headaches (n02). Comparing week 12 to baseline, 51.4 % of participants reported a ≥20 % decrease in their hip and knee pain as assessed by WOMAC (Fig. 2a) , and 63.9 % of participants reported a decrease in their hand and wrist pain as assessed by M-SACRAH (Fig. 2b) ; these changes were maintained at week 24. Similar changes were seen in measures of stiffness and function in these WOMAC and M-SACRAH. Comparing week 12 to baseline, 36.8 % of participants reported a ≥20 % decrease in pain severity, and 43.6 % reported a ≥20 % decrease in worst pain (Fig. 2c) ; these effects also held at week 24. Compared with baseline, improvements were seen in mean scores at week 12 in the WOMAC index for function (P00.01) and pain (P00.03); the M-SACRAH index for function (P00.03), pain (P<0.01), and stiffness (P00.03); and the BPI for pain severity (P00.05) and worst pain (P0 0.02) ( Table 2 ). Similar patterns were observed when comparing means scores at week 24 to baseline with improvements in the WOMAC index for function (P<0.01) and pain (P00.02); the M-SACRAH index for function (P00.02) and pain (P<0.01); and the BPI for pain interference (P<0.01).
Grip and pinch strength
Using the Martin dynamometer, at week 12, approximately one third of women demonstrated ≥20 % improvement in pinch, tripod, and power grip strength (Fig. 2d) , which was maintained at week 24. Overall, participants also demonstrated improvements in mean scores in pinch (right hand, P00.07), tripod (right hand, P00.02), and power (right hand, P00.01) grip strength ( Table 2 ).
Quality of life
At week 12, participants reported an improvement in mean levels of functional well-being (P00.0001), which was not maintained at week 24 ( Table 2 ). There were no changes in physical well-being or the endocrine symptom sub-scale from baseline to 12 or week 24.
Use of pain medications
At baseline, 47.5 % of participants reported using analgesics for pain relief, including aspirin, acetaminophen, ibuprofen, naproxen, and other nonsteroidal anti-inflammatory agents. There were no reported differences in use of analgesics from baseline to 12 or week 24 (all P>0.05, data not shown).
Safety
The normal range of estradiol for postmenopausal women is <10 pg/mL. At baseline, the mean estradiol concentration was 6.4 (SD 18.8)pg/mL, and there were no clinically meaningful changes at week 12 (mean, 7.0 [SD 19.8]pg/mL) or week 24 (5.7 [SD 16.3)]pg/mL).
Adverse events and toxicities were assessed at every clinical encounter. Participants reported improvements in arthralgias and myalgias at weeks 12 and 24 (all P<0.05, data not shown), but no changes in hot flashes or vaginal dryness. The most commonly reported adverse events that were at least possibly related to study drug were grade 1 headaches (n013), grade 1 dyspepsia (n09), and grade 1 nausea (n08) ( Table 3) . Reported related or possibly related grade II toxicities included nausea (n01), heartburn (n01), gastrointestinal disorder (n01), headache (n01), fatigue (n01), and an allergic reaction (hives) (n01).
Discussion
In this phase II clinical trial of glucosamine and chondroitin to treat moderate-to-severe aromatase inhibitor-induced joint pain, we observed that 46.2 % of participants reported a clinically meaningful response after 6 months, as assessed by the OMERACT-OARSI criteria. After 3 months, approximately 50 % of participants self-reported a ≥20 % improvement in pain, stiffness, and function in their hips/knees and hands/wrists, and approximately one third of participants demonstrated ≥20 % improvement in clinically measured grip strength; these improvements were maintained at 6 months. The intervention was well-tolerated with minimal toxicities. Reassuringly, we did not observe an increase in serum estradiol with glucosamine and chondroitin supplementation. Changes in estradiol were assessed to ensure that glucosamine and chondroitin did not interfere with the antitumor effects of aromatase inhibitors. These results contribute to the growing body of literature examining agents and approaches to prevent and/or treat aromatase inhibitor-induced joint pain and stiffness. Reports have been published on the effects of orally administered agents, including vitamin D [33] [34] [35] and a serotoninnorepinephrine reuptake inhibitor, duloxetine [36] , as well as mind-body approaches, including acupuncture [37] [38] [39] and yoga [40] . Others have examined the effects of switching aromatase inhibitors [41] . However, many of these studies have been small and uncontrolled. The magnitude of the intervention effects in these small trials is variable, and primary outcomes differ between studies. For example, in the uncontrolled trial of duloxetine, 72 % of patients reported ≥30 % reduction in pain after 8 weeks [36] . In our sham-controlled trial of acupuncture, we observed an average 50 % improvement in pain scores among women receiving true acupuncture [37] . An informal cross-trials comparison suggest that glucosamine plus chondroitin may be less effective than duloxetine and acupuncture, but definitive controlled trials are needed to adequately assess effects and side effects of these interventions. As a result, phase III clinical trials studying the effects of acupuncture, essential fatty acids, androgen therapy, and duloxetine on aromatase inhibitor-induced joint pain are opening within the NCI cooperative group setting (www.ClinicalTrials.gov). In addition, there are ongoing studies examining the effects of vitamin E, physical activity, and behavioral counseling on aromatase inhibitor-induced joint pain. Glucosamine and chondroitin are of particular interest as agents to treat and prevent aromatase inhibitor-induced arthralgias because of their potential efficacy in conjunction with their low toxicity profile and low cost. The magnitude of change in symptoms observed in this study was on par with the magnitude of change observed in the sub-group analyses of participants with moderate-to-severe osteoarthritis in the GAIT study [25] . The grades 1 and 2 toxicities reported in this study were also reflective of the side effect profile of glucosamine and chondroitin as reported in other trials [16] . Although the GAIT trial did not show benefit as assessed by its primary outcome, recent trials of glucosamine and chondroitin alone have shown benefit for hand [42] and knee [18, 19] osteoarthritis, but not low back pain [43] .
The primary limitation of this study is that it is uncontrolled, and the observed benefit may have been due to the placebo effect and/or chance. The phase II study design was chosen to conduct a quick and efficient trial to determine whether glucosamine and chondroitin demonstrated enough of an effect on treating aromatase inhibitor-induced joint pain to warrant moving forward to a larger phase III trial. Our a priori criteria for moving forward to a larger trial stated that we needed to observe ≥36.9 % of participants reporting a substantial improvement in pain and/or function at week 24, based upon the OMERACT-OARSI criteria [32] . Since initiating the trial, additional criteria have been published by the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) group. [44] For pain intensity, the IMMPACT group considers reductions in pain of ≥30 % as moderately clinically important and reductions in pain of ≥50 % as a substantially clinically important. In a post hoc analysis using these criteria, 31-47 % had a moderate clinical improvement, and 25-38 % had a substantial clinical improvement depending on the outcome assessed. In addition, trials need to conservatively estimate drop-out rates. We assumed a 15 % drop-out rate, but observed a 30 % drop-out rate, partly due to the large number (n06) of capsules participants needed to take per day. Future study formulations may be able to decrease the number of capsules needed per day to decrease participant burden. In summary, this phase II trial demonstrated that glucosamine and chondroitin supplementation may be beneficial for the treatment of moderate-to-severe aromatase inhibitorinduced joint pain. The study agents were well tolerated with minimal toxicities. Glucosamine and chondroitin supplementation was safe, as it did not change estradiol levels in postmenopausal breast cancer survivors on aromatase inhibitors. Since effective agents are needed to prevent and treat aromatase inhibitor-induced joint pain, glucosamine and chondroitin should be pursued in a randomized, phase III, placebo-controlled trial to understand its true effect. If a participant experienced the same toxicity more than once over the course of the study, it is only accounted for once in this table
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